Experimental plasma discharges in linear PANTA device are studied by Mach probe measurements, providing floating potential, ion saturation current, and parallel flow velocity time evolution, at different radii of the device. Spectral analysis indicates that drift waves and D'Angelo modes exist simultaneously in the plasma. A discrimination study shows they are located at different positions in radius and frequency. Plasma turbulence is one of the central issues of modern plasma research. Extensive studies have been conducted and it is argued that the family of drift wave (DW) turbulence, which is driven by scalar gradients such as density, temperature, and pressure, plays an important role to understand confinement of fusion plasmas [1] . In addition to this, plasmas also support flows, which give rise to instability driven by vector fields [3, 4] . For instance, Kelvin-Helmholtz instability [2] and/or D'Angelo mode (D'AM) [3] [4] [5] [6] can arise from the inhomogeneity of the velocity in the perpendicular and the parallel direction to the magnetic fields, respectively, and impact the evolution of the system [7] . Since plasmas have several gradients, of both scalar and vector fields, it is likely that different types of modes/instabilities coexist and interact. As DWs and D'AMs play different roles on transport and structural formation [4] , it is important to clarify the mechanism how/where these fluctuations are excited in plasmas. In this paper, we report an experimental observation of the simultaneous excitation of DWs driven by the density gradient and D'AMs driven by the parallel velocity gradients. Fluctuations are directly measured and power spectra are used to differentiate the modes.
Plasma turbulence is one of the central issues of modern plasma research. Extensive studies have been conducted and it is argued that the family of drift wave (DW) turbulence, which is driven by scalar gradients such as density, temperature, and pressure, plays an important role to understand confinement of fusion plasmas [1] . In addition to this, plasmas also support flows, which give rise to instability driven by vector fields [3, 4] . For instance, Kelvin-Helmholtz instability [2] and/or D'Angelo mode (D'AM) [3] [4] [5] [6] can arise from the inhomogeneity of the velocity in the perpendicular and the parallel direction to the magnetic fields, respectively, and impact the evolution of the system [7] . Since plasmas have several gradients, of both scalar and vector fields, it is likely that different types of modes/instabilities coexist and interact. As DWs and D'AMs play different roles on transport and structural formation [4] , it is important to clarify the mechanism how/where these fluctuations are excited in plasmas. In this paper, we report an experimental observation of the simultaneous excitation of DWs driven by the density gradient and D'AMs driven by the parallel velocity gradients. Fluctuations are directly measured and power spectra are used to differentiate the modes.
Fluctuation of parallel velocity is a key quantity to discriminate DWs and D'AMs (see Table 1 ). It is well known that parallel velocity perturbations are weak in the case of DW, with respect to density perturbations [1] :
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In the case of D'AM [5, 6] , the relation becomes:
For most unstable mode k c s = k y ρ s v /2. Then the relation reduces to ṽ c s
The coefficient between the normalized amplitudes is order of unity, slightly higher than 1, so we get ṽ /c s 2 ≥ |ñ/n 0 | 2 . The difference can be used to discriminate the modes. We note that, while the relation is derived from the linear response, a similar relation holds even for the nonlinear state, as indicated by numerical simulation [8] .
An experiment was conducted to determine if and how DWs and D'AMs could coexist in linear plasma devices. Several plasma discharges were realized in PANTA device in Kyushu University [9] , with Argon gas pressure of 3.0 m Torr and B = 0.09 T, at parallel position z = 1625 mm. I is and v are measured using Mach probes [10] at different radial positions from the device axis (r = 20 to 60 mm, with 5 mm intervals). Then v was computed from the two tips measurements for I is . Normalized power for I is fluctuations is equivalent to normalized density fluctuations power: I is / I is 2 = |ñ/n 0 | 2 , thus the discrimination study can be operated.
Radial profiles of I is and v are presented in Fig. 1 (a) . The velocity gradient is higher around r = 30 mm, thus this radius is likely to be more favourable for D'AM generation. Auto-power spectra for I is and v are shown at Mach probe radial position r = 30 mm in Fig. 1 (b) and r = 40 mm, r = 50 mm in Figs. 2 (a) (b) . At all radii, noise level is far lower than power spectrum level in the region of interest (< 10 kHz). For instance, noise levels for I is and v at r = 30 mm are respectively around 2.2 · 10 −10 Hz −1 and 1.1 · 10 −9 Hz −1 .
All spectra for I is show peaks at 1.1, 2.2, and 3.3 kHz, that are likely to be attributed to DWs as the normalized I is power is higher than normalized v power. Cross-phase study between the two measurements confirms that the phase is lower than 1 rad for these frequencies. This is valid at all radii between 20 and 60 mm.
However, at frequencies higher than 3.5 kHz, the figure shows different behaviour at r = 30 mm (and at some degree at 50 mm). v spectrum overcomes I is spectrum, about one order of magnitude higher at 10 kHz. Crossphase study between the two measurements also show higher phase values. Then these radii might be favourable for D'AM generation at frequencies higher than 3.5 kHz. We use the critical shear velocity value to verify this last point. It is given by
The radial profile of v /v c ratio is shown in Fig. 3 and demonstrate clearly that D'AMs can arise at r = 30 mm, but not at higher radii.
Extensive study was realized at every radius. A global summary of the discrimination study based on power level is shown in Fig. 4 . The red area is favourable to DW generation, while the blue area is favourable to D'AM generation. DW can propagate at every radii. However, higher frequencies exhibit clearly a difference of behaviour depending on the radius: at 30 mm, D'AM can arise, especially at 4.5 kHz. On the other hand, radius r = 40 mm is unfavourable to such generation, and it is known to be the best radius for DW observation in PANTA [9] . Finally, higher radii are not favourable to DW generation, especially at r = 50 mm. Radial mapping of auto-power spectrum for v showed corresponding peaks at this position, matching frequencies of peaks at r = 30 mm: this might be due to coupling for eigenfunction, without D'AM generation (as proved with Fig. 3 ). This is outside the scope of the paper and could be further investigated in the future. To conclude, the coexistence of DW and D'AM fluctuations were investigated on PANTA. The ratio of normalized amplitudes of v fluctuation and electron density fluctuation is used to discriminate the two phenomena. The study indicates that they coexist in the plasma, but the dominant amplitude of these fluctuations is located at different radial positions. Furthermore, radial map of power spectra for normalized v suggests the presence of coupling for eigenfunction at 4.5 kHz between r = 30 mm and r = 50 mm. More detailed studies, including investigation of possible radial eigenfunction and spectrum form, will be pursued in the future.
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